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Abstract. The potential of muon colliders to study a low-energy supersymmetry
is addressed in the framework of the minimal supergravity model, whose predic-
tions are rst briefly surveyed. Foremost among the unique features of a muon
collider is s-channel production of Higgs bosons, by which Higgs boson masses,
widths, and couplings can be precisely measured to test the predictions of su-
persymmetry. Measurements of the threshold region cross sections of W+W−,
tt, Zh, chargino pairs, slepton and sneutrino pairs will precisely determine the
corresponding masses and test supersymmetric radiative corrections. At the
high-energy frontier a 3{4 TeV muon collider is ideally suited to study heavy
scalar supersymmetric particles.
I INTRODUCTION
There are indications that low energy supersymmetry (SUSY) is the right
track for physics beyond the Standard Model (SM) [?]. The measurements of
gauge coupling strengths 1; 2; 3 are consistent with SUSY Grand Unica-
tion [?] and global ts to precision electroweak measurements are consistent
with SUSY expectations that there is a Higgs boson of mass less than 130 GeV
[?]. If nature is indeed supersymmetric, are there compelling arguments why
muon colliders should be built? The answer is YES, and the reasons why
are the subject of this report. The physics at muon colliders discussed herein
is largely based on work in collaboration with M. Berger, J.F. Gunion, and
T. Han [?,?].
In the minimal supersymmetric model (MSSM) each standard model
fermion (boson) has a boson (fermion) superpartner. Two Higgs doublets
are required to give masses to the up-type and down-type fermions. SUSY
breaking is introduced through all soft masses and couplings that do not in-
troduce quadratic divergences; there are over 100 of these soft SUSY-breaking
parameters. In SUSY-breaking models the number of independent soft pa-
rameters is greatly reduced. The breaking is transmitted from a hidden sector
to the observable sector. There has been an explosive growth in models of
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SUSY breaking. These models fall into two classes, minimal SuperGravity
(mSUGRA) and gauge-mediated symmetry breaking (GMSB). Thus, super-
symmetry has many possible faces depending on:
 breaking by general soft parameters or unication of soft parameters;
 whether R-parity is conserved; with R-conservation the lightest super-
symmetric particle (LSP) is stable;
 whether the gravitino is heavy (in mSUGRA) or light (in GMSB);
 the nature of the LSP: gaugino ( ~B), higgsino ( ~H), gravitino ( ~G), or gluino
(~g);
 the relative masses of the sparticles.
Fortunately, there are some generic predictions that are not very model de-
pendent. The most important is the guarantee of a light Higgs boson [?],
which is accordingly the \jewel in the crown" of supersymmetry. Also a light
neutralino, chargino, sleptons and sneutrinos are expected. In this report we
concentrate on these lighter SUSY particles.
II RICH SUSY PHENOMENOLOGY
In the mSUGRA model the neutralino ~01 is the LSP and it is a source of
missing energy in SUSY events. The signatures of SUSY particle production
in the mSUGRA model are leptons + jets + missing ET (denoted /ET ).
In the traditional GMSB models, the gravitino ( ~G) is the LSP and it is a
source of missing energy. The nature of the next-to-lightest supersymmetric
particle (NLSP) in GMSB models determines the phenomenology. The NLSP
options and their decays are 01 ! γ ~G, ~‘ ! ‘ ~G and ~1 !  ~G. Decays of
the NLSP may occur within or outside the detector. The signatures of such
events are γγ + /ET , ‘‘+ /ET , etc. [?]
The mSUGRA model is the usual benchmark for SUSY phenomenology.
The renormalization group equations relate masses and couplings at the scale
of the Grand Unied Theory (GUT) to their electroweak scale values. The
GUT scale parameter set in mSUGRA is m1=2; m0; ; A0 and B0, where m1=2
and m0 are universal gaugino and scalar masses,  is the Higgs mixing mass,
A0 is the trilinear coupling and B0 is the bilinear coupling. At the weak scale
the phenomenology is determined by the parameters m1=2; m0; A0; sign()
and tan, where tan = vu=vd is the ratio of vacuum expectation values for
the two Higgs doublets. A large top quark Yukawa coupling at the GUT scale
is necessary to achieve electroweak symmetry breaking as a radiative eect
[?]. There are a number of predictions that follow from the large top Yukawa
coupling:
2
